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Description 

[0001 ] This Invention relates to clinical chemistry, particularly immunoassays. 

[0002] Immunoassays, which take advantage of natural Immunological reactions, have found wide-spread use as 
analytical techniques in clinical chemistry. Because of the specificity of the reactions, they are particularly advantageous 
In quantifying biological analytes that are present In very iow concentration In biological fluids. Such analytes (called 
ligands herein) Include, for example, antibodies, therapeutic drugs, narcotics, enzymes, homiones, proteins, and so 
forth. 

[0003] In competitive binding immunoassays, a labeled dmg hapten analogue Is placed in competition with unlabeled 
drug haptens for reaction with a fixed amount of the appropriate antibody. Unl^nown concentrations of the drug hapten 
can be detemilned from the measured signal of either the bound or unbound (that Is, free) labeled drug hapten analogue. 
[0004] Conventional labels include radioactive tags, enzymes, chromophores, fluorophores, stable free radicals, and 
enzyme cofactors, inhibitors and allosteric effectors. 

[0005] Specific requirements for labeled dmg hapten analogues (hereafter sometimes LDH) Include: 1 ) at least 65% 
of the LDH can be bound by excess immobilized antibody; 2) affinity of the LDH for Immobilized antibody Is such that 
competition of a fixed amount of LDH with the drug occurs in a therapeutically relevant concentration range; and 3) 
stability of the LDH against hydrolysis of its enzyme label under storage conditions. Requirements imposed on the 
drug hapten analogues Include: 1 ) accessibility of the analogue to the immobilized antibody following conjugation with 
the enzyme label; 2) specific recognition of the labeled analogue by the antibody to the dmg; and 3) sufficient reactivity 
of the drug analogue with the enzyme label, either directly or following activation of the enzyme or analogue, under 
conditions that do not adversely affect enzyme activity. 

[0006] Glucose oxidase (GOD) and allcaline phosphatase (ALP) enzyme labels coupled to barbiturate or hydantoin 
analogues disclosed In U.S. Patent 4,752,568, especially phenobarbital and phenytoin analogues, gave adequate 
enzyme labeled analogues for conducting effective competitive immunoassays in the desired format. 
[0007] The problem is that hydantoin and barbiturate analogues were unsatisfactory for conducting competitive Im- 
munoassays when the enzyme horseradish peroxidase (HRP) was used as the label. The coupling reactions between 
such derivatives and HRP were both slow and incomplete. Moreover, previous phenytoin-HRP and phenobarbital-HRP 
labels were bound very weakly so that much higher concentrations of label or antibody binding sites would be required 
to give a readable signal. 

[0008] U.S. Patent 4,244,939 discloses compounds useful as tracers in radioimmunoassay of barbiturates In which 
a radioiodinated group Is linked to a pyrlmidine ring nitrogen atom of the barbiturate. 

[0009] EP patent specification 0233690 describes labelled hydantoin conjugate and its use in analytical elements 
and immunoassays. The label is linked to the 3-nitrogen position of the hydantoin ring with a linkage derived from an 
aliphatic monocarboxylic acid having from 2 to 12 carbon atoms. 

[001 0] The present Invention provides new drug analogues for bartDiturates and hydantoins (a) that react with HRP, 
and other enzymes such as GOD and ALP, faster and more completely, than prior art analogues, (b) to form covalent 
bonds with HRP, and (c) produce labelled drug analogues that are more readily recognized and tightly bound by anti- 
bodies to such analogues. The drug analogues comprise: 

(a) an active ester group, wherein said active ester group Is succinlmldoxycarisonyl; 

(b) a nucleus selected from hydantoin or barisiturate derivatives; 

(c) a linking chain linking the active ester group to the selected nucleus; 

wherein the linking chain has about 5 to 40 atoms consisting of (1) 0^ to C^o alkylene groups, and optionally (2) 
phenylene groups, and (3) 5 to 7 membered heterocyclic rings (for example, a 1 ,4-pipera2lnylene. 2,5-dlmethyl-1 ,4-pip- 
erazlnylene; 1 .3-lmidazolidinylene; and 1 ,3-hexahydrodiazepinylene group) joined into the linking group through ring 
nitrogen atoms, said groups and rings being bonded to each other through chemical groups selected from (a) esters, 
including thioesters, 



0 

II 

(-CZ-) 



where 2 is O or S; (b) amides. 
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(-CNH-) 



(c) hetero atoms selected from -0-, -S-, and -NR-; wherein R represents Ci to Cq alkyi (for example, methyl, ethyl, 
propyl, butyl and so forth); and (d) carbonyl, with the proviso that the linking group Is other than a derivative of a 
saturated or unsaturated aliphatic monocarboxyllc acid having from to 2 to 12 carbon atoms. 
[0011] l^ore specifically, the preferred new hydantoin and barbiturate active esters of this Invention are those con- 
fonning to the stmcture (I): 



P 0 
III ^3 II 



O 0 
II II 
C-Z-Rj-ZC-Rg- 



O 

II 

0 c 

II / \ 

-C-O-N R, 

c 



wherein 

A represents a hydantoin nucleus of the structure 




or a barbiturate nucleus of the structure 




R^ each Independently represents hydrogen, alkyI of 1 to 10 carbon atoms, unsubstituted or substituted phenyl; 
R2, R^, R5, and R^, each Independently represents to C^q alkylene or such alkyiene groups Intemjpted with at 
least one or more ester groups, amide groups, -0-, -S-, and -NR-; 
R3 represents to C3 alkylene; 
R7 is an ethylene group; 

2 represents -0-, -S-, and -NR-, wherein R represents hydrogen or to alkyi, for example, methyl propyl and 
hexyl; 

mIsO, 1,or2; 
nisO, 1,or2; 
m + n is > 0 and 
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the total number of atoms comprised in m, n and Is 5 to 40; 

and further provided that (I) at least one of the Ri groups Is substituted or unsubstltuted phenyl; (II) one of R^, R5, and 
R^ can be phenylene; (ill) the braciceted components of structure I can appear therein In any order and (iv) the llni<lng 
group is other than a derivative of a saturated or unsaturated aliphatic monocarboxylic acid having from 2 to 1 2 carbon 
atonns. 

[0012] Several other advantages are realized by use of the above drug hapten analogues. First, It was found that 
the active esters of these analogues having short llnidng chains between the nucleus and the active ester group were 
sufficiently reactive with HRP to prepare an acceptable enzyme label for use with only some immobilized antibodies. 
Derivatives with longer llnlcer groups (R2 plus the bracketed groups) of 8 to 20 atoms between the active ester group 
and the nucleus gave labels that could be bound by all immobilized antibodies tested. Linlcing chains in which each Z 
Is -NR- which with the adjacent carbonyl fomis an amide group, are particularly useful in analogues of this invention 
because such chains are more resistant to hydrolysis than chains wherein Z is -O- or -S- so that with the adjacent 
carbonyl It fomis an ester group. 

[0013] Methods of making the drug hapten analogues of this invention are presented below. 
Hydantoin Drug Analogues 

[0014] The hydantoin drug analogues can be made according to the following preparations In which phenytoin an- 
alogues, a species of hydantoin compounds, are made. 

Example 1 - Preparation of HD 1 , 5,5-Dlphenyi-3-{4-t2-(3-succinlmidoxycarbonylpropionyloxy)ethylaminocartDonyl] 
butyl}-hydantoln. 

Step 1: preparation of 5,5-Dlphenyl-3-[4-(2-hydroxyethylaminocarbonyl)butyl]hydantoln. 
Part A: Rrst the Acid Chloride Is prepared. 

[0015] A mixture of 3-(4-carboxybutyi)-5,5-dlphenyl-2,4-imldazolidinedione (3.52 g, 0.01 mole) thionyl chloride (20 
mL), N,N-dimethylfomnamlde (2 drops) and chlorofonn (50 mL) was stin-ed at room temperature for 3 hours. The solvent 
was removed on a rotary evaporator in vacuo, and this product was used directly in the next Part B. 

Part B: The Acid Chloride is reacted with Ethanolamlne. 

[0016] The acid chloride In chlorofomi (60 mL) was added dropwise over 15 minutes to a mixture of ethanolamlne 
(1 .2 g. 0.02 mole) and triethylamine (2.4 g, 0.024 mole) In chlorofonn (1 00 mL). The mixture was then heated to 60'C 
for 2 hours and stirred to room temperature for 1 hour. The solution was then washed with 5% hydrochloric acid (2 x 
100 mL), washed with saturated sodium bIcartDonate solution (100 mL), dried over anhydrous magnesium sulfate, 
filtered, and the solvent removed on a rotary evaporator. The filtrate was then chromatographed using an aluminum 
oxide column to give material (3.0 g) showing one spot on TLC. This material was used directly In the next preparation. 

Step 2: preparation of 3-{4^2-(3-Cari30xyproplonyloxy)ethylamlnocart3onyl]butyl}-5,5-diphenyihydantoln. 

[0017] The hydroxy compound of Step 1 (3.0 g, 0.0075 mole), succinic anhydride (1 .0 g, 0.01 mole), and dimethyi- 
amlnopyridine (0.9 g, 0.0075 mole) In chlorofonn (1 00 mL) were heated at 50-60»C for 4 hours and allowed to cool to 
room temperature over the weekend. 

[0018] DIchloromethane (300 mL) was added, and the mixture was washed with 5% hydrochloric acid solution (3 x 
100 mL), washed with saturated sodium chloride solution (1 00 mL), dried over anhydrous magnesium sulfate, filtered, 
and the solvent removed to give a material that gave one spot on TLC. 
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Step 3: preparation of HD 1: 5,5-Diphenyl-3-{4-[2-(3-suc«inlmldoxycarbonylpropionyloxy)ethylamlnocar^^ 
hydantoin. 

[0019] 




[0020] A mixture of the acid from Step 2 (3.0 g. 0.006 mole), N.N'-dicyciohexylcarbodiimide (1 .5 g, 0.007 mole), and 
N-hydroxysuccinlmide (0.7 g, 0.006 mole) In chlorofomi (80 mL) was stln-ed at room temperature for 20 hours. The 
mixture was filtered, and the filtrate was concentrated on a rotary evaporator In vacuo. The residue was then chroma- 
tographed using silica to give 1 .3 g (40% yield). Anal. calc. for C30H32N4O9: C, 60.8; H, 5.44; N, 9.46. Found: C 59.6* 
H. 5.51, N. 8.91 

Example 2 - Preparation of HD 2: 5,5-Dlphenyl-344-[4-(3-succinlmldoxycarbonylproplonyl)-1-plpera2lnylcarbonyl] 

butyl}-2,4-lmldazolldinedlone 

Step 1: preparation of 5,5-Dlphenyl-3-(1-pipera2lnylcarbonylbutyl)hydantoln. 

Part A: First, 3-[4-(4-BenzyloxycarbonyIplpera2inylcarbonyl)butyl]-5,5-dlphenyl-2,4-lmldazolldinedione was prepared. 

[0021] The acid chloride prepared as described in the preparation of HD 1, si/pra, Part A (.01 mole) was added 
dropwise over 1 5 minutes to a mixture of benzyl 1 -piperazlnecartsoxylate (2.4 g, 0.011 mole) and triethylamine (2.0 g, 
0.02 mole) In chloroform (50 mL). This mixture was stimed at room temperature overnight, and dichloromethane (300 
mL) was added. The mixture was washed with 5% hydrochloric acid (2 x 1 00 mL), washed with dilute sodium cartDonate 
solution (1 00 mL), washed with saturated sodium chloride solution (1 00 mL), dried over anhydrous magnesium sulfate 
solution, filtered, and the solvent removed on a rotary evaporator In vacuo. The filtrate was then chromatographed to 
give an oil, 4.3 g (78% yield) which was used directly In the next step. 

[0022] Part B: The protected anriine of Part A (4.8 g, 0.008 mole) and 30-35% hydrogen bromide acetic acid solution 
(25 mL) was allowed to stir at room temperature for 1 .5 hours. This mixture was then poured Into diethyl ether (1 L), 
and the oil which separated was triturated with fresh portions of ether (3 x 1 L). The oil was dissolved in 1 0% aqueous 
sodium hydroxide solution (pH=1 4) and the aqueous solution extracted with dichloromethane (4 x 1 00 mL). The com- 
bined organic solution was washed with saturated sodium chloride solution (150 mL), dried over anhydrous magnesium 
sulfate, filtered, and the solvent removed In a rotary evaporator In vacuo. The filtrate solidifies to give a white solid (2.6 
g, 77% yield). This material was used directly in the next step. 
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Step 2: preparation of 3^4-[4-(3-Carboxypropionyl)-1-pipera2inylcarbonyl]butyl}-5,5-dlphenyl-2,4-lmld 

[0023] A mixture of the amine from step 1 above (2,1 g, 0.005 mole) and succinic anhydride (0.54 g, 0.0054 mole) 
In chlorofomi (1 5 mL) was heated for 30 minutes at 50-60*C and allowed to stand at ambient temperature for 20 hours. 
Dichloromethane (1 50 mL) was added, and the mixture was washed with 5% hydrochloric acid (2 x 1 00 mL), saturated 
sodium chloride solution (100 mL), dried over anhydrous magnesium sulfate, filtered, and the solvent removed on a 
rotary evaporator in vacuo to give a white solid, 2.5 g (95%) which was used directly In the next step. 

Step 3: preparation of HD 2: 5,5-Diphenyl-3-{4-[4-(3-succinimldoxycariDonylpropionyl)r1-plperazinylcart3onyl]butyi}- 
2,4-imidazolidinedione. 

[0024] 




[0025] A mixture of the acid from step 2 (1 .56 g, 0.003 mole), N,N'-dlcyclohexyicarbodilmlde (0.64 g, 0.003 mole), 
and N-hydroxysuccinlmlde (0.36 g, 0.003 mole) in chlorofomi (40 mL) was stirred at room temperature over the week- 
end. The mixture was filtered and the solvent removed from the filtrate on a rotary evaporator In vacuo to give 1 .9 g 
(100% yield). The solid was chromatographed, and the product fraction was dissolved In dichloromethane (200 mL), 
washed with dilute sodium carbonate solution (2 x 1 00 mL), dried over anhydrous magnesium sulfate, filtered, and the 
solvent removed on a rotary evaporator to give a white solid which gives one spot on TLC. Anal. calc. for C32H35N5O8: 
C. 62,23; H, 5.71 ; N, 1 1 .34. Found: C, 59.07; H, 5.40; N, 1 0.45. 

Example 3 - Preparation of HD 3, 5,5-Diphenyl-3-{4-[6-(3-succinimidoxycarbonylpropionamido)hexylaminocarbbnyi] 
butyl}-2,4-imidazolidlnedione. 

Step 1: preparation of 3-[4-(6-Aminohexylaminocarbonyi)butyQ-5,5-diphenyl-2,4-imidazolldinedione. 

[0026] Part A: preparation of 3-[4-(6-Benzyloxycart)onylamlnohexylamlnocarbonyl)butyl]-5,5-dlphenyl-2,4-lmldazo- 
ildlnedione. 

[0027] The acid chloride prepared as an Intennediate in the preparation of HD 1 was treated with N-benzyloxycar- 
bonyl-1 ,6-hexanediamlne by the procedures described in step 1 In the preparation of HD 2, to give 7.5 g, 85% yield, 
of the protected amine. 

[0028] Part B: The protected amine of Part A was treated with hydrobromic acid-acetic acid by the procedures of 
Step 1 . Part 8 In the preparation of HD 2, to give the free amine which was used in step 3 without purification. 



6 



EP 0 517 325 B1 

Step 3: preparation of 3-{4-[6-(3<:arboxyproplonamldo)hexylamlnocarbonyl]butyl)-5,S-dlphenyl- 
2,4-im(dazolidinedione. 

[0029] This compound was prepared using the same procedures as step 2 of the HD 2 preparation. Anal. Calc. for 
s C30H38N4O6: C, 66.44; H. 6.96; N, 10.17. Found: C, 63.26, H, 7.01; N, 9.39. 

Step 4: preparation of HD 3: 5,5-Diphenyl-3-{4-[6-(3-succinimidoxycarbonylpropionamldo)hexylamlnocarbonyl]butyl}- 
2.4-imidazo|jdinedione. 

10 [0030] 



15 



20 



25 



30 



35 



40 




[0031 ] This material was prepared using the procedures of step 3 in the preparation of HD 2 to give 2.6 g (80% yield). 
^ mpt 133-134*C. Anal. Calc. for C34H4iN50a: C. 63.05; H, 6.38; N. 10.81 . Found: C, 62.91 ; H, 6.41 ; N. 10.69. 

Barbiturate Drug Analogues 

[0032] The following preparatory examples 4 to 8 illustrate the preparation of the barbiturate drug hapten analogues 
so for phenobaitital. The analogues are generally prepared by (1) condensing a barbiturate derivative such, as pheno- 
barbital, with an orriegahaloalkanecarboxylate ester, (2) saponifying the ester to the corresponding acid, (3) conversion 
of acid the to the corresponding acid chloride, (4) condensation of the acid chloride with N-hydroxysuccinlmide, or to 
further lengthen the linking chain, with a diamine, diol, or aminoalcohol having one of the amine or hydroxy groups 
blocked and (5) deblocking, condensation with a dicarboxylte acid such as succinic acid, and then condensation with 
ss the N-hydroxysuccinimlde to produce the analogue. 

[0033] If desired, the condensation with a half-blocked diamine, diol. or aminoalcohol, and then another diacid can 
be'repeated once or twice more to further lengthen the linking chain. However, the same can be accomplished with 
fewer steps by using longer chained diacids, diols, diamines, amino alcohols, or haloalkanecarboxylate esters. 
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Example 4 • Preparation of PB 1: 5-Ethyl-5-phenyl-H4^4-(3-Succinimidoxycarbonylproplonyl)-1-plperazlnylcarbonyl] 
butyl}-2,4,6(1H,3H,5H)pyrimidinetrione 

Step 1: Preparation of 6-Ethyl-6-hydroxy-^-(4-methoxycarbonylbutyl)-5i5henyl-2.4(3H,5H)-pyrlmldlne 

5 

[0034] A mixture of phenobarfoltal (46.5 g, 0.2 mole) and tetrabutylammonlum hydroxide (500 mL, 0.2 mote of 0.4M 
in water) in dichloromethane (SOOmL) was prepared and to it was added methyl 5-bromovalerate (39.0 g, o.2 mole). 
The reaction mixture was stirred vigorously ovemight (20 hrs). To this mixture was added saturated sodium chloride 
solution (100 mL), the organic layer was separated, and the aqueous solution was washed with dichloromethane (2 x 
10 100 mL). The combined organic solution was washed with saturated sodium chloride solution (lOOmL), dried over 
anhydrous MgS04, filtered, and the solvent removed. 

Step 2: Preparation of 3-(4-Cari30xybutyl)-5-ethyl-6-hydroxy-5-phenyi-2,4(3H,5H)-pyrimldlnedione 

15 [0035] The 5-ethyl-6-hydroxy-3-(4-methoxycarbonylbutyl)-5-phenyl-2,4(3H,5H)-pyrimldinedione ester (54.0 g, 0.1 56 
mole) of step 1 in dioxane (500 mL), concentrated hydrochloric acid (55 mL), and water (55 mL) was heated at reflux 
for 4 hrs and at room temperature ovenight. The dioxane was removed under reduced pressure, and saturated sodium 
chloride solution (250 mL) and dichloromethane (400 mL) were added to the residue. The organic layer was separated, 
and the aqueous solution was extracted with dichloromethane (3 x 150 mL). The combined organic solutions were 

20 washed with saturated sodium chloride solution (200 mL), dried over anhydrous MgS04, filtered, and the solvent re- 
moved. To the residue was added diethyl ether, and the mixture was placed in a freezer at -1 6 *C over the weekend, 
and then filtered. 

Step 3: Preparation of 1-(4-chlorocari>onylbutyl)-5-ethyl-5-phenyl-2,4,6(1H,3H,5H)pyrlmldlnetrione 

25 

[0036] A mixture of the acid (6.6 g, 0.2 mole) from preparation 2, thionyl chloride (50 mL), N,N-dimethylformamide 
(2 drops), and chloroform (80 mL) was stirred at room temperature for 1 .5 hrs. The solvent was removed on a rotary 
evaporator in vacuo, and this product was used directly in the next step 4. 

30 step 4: Preparation of 1 -[4-(4-Ben2yloxycarbonyl-1 -piperazlnylcarbonyl)butyl]-5-ethyl-5-phenyl-2,4,6(1 H,3H,5H)- 
pyrimldinetrione 

[0037] The acid chloride of step 3 (0.2 mole) In chloroform (75 mL) was added dropwise over 1 5 minutes to a mixture 
of benzyl 1 -piperazinecarboxyiate (6.0 g, 0.030 mole) and triethylamine (4.0 g. 0.04 mole) in chlorofomi (1 00 mL). This 
35 mixture was stirred at room temperature for 20 hrs, and dichloromethane was then added (300 mL). The mixture was 
washed with 10% hydrochloric acid solution (3.x 100 mL), washed with saturated sodium chloride solution (100 mL), 
dried over anhydrous magnesium sulfate, filtered, and the solvent removed. The residue was then chromatographed 
on Si02 to gh^e a solid. 

40 Step 5: Preparation of 5-Ethyl-5-phenyl-1-[4-(1-piperazinylcartDonyl)butylJ-2,4,6(1H,3H,5H)pyrimidinetrione 
Hydrobromide 

[0038] The protected amine from preparation 4 (6.5 g, 0.012 mole) and 30-35% hydrogen bromide-acetic acid so- 
lution (30 mL) was allowed to stir at room temperature for 1 .5 hrs. The mixture was then poured into ethyl acetate (2 
45 L), stinred for 1 hr. filtered, and the solid washed with 500 mL ethyl acetate. 

Step 6: Preparation of 1-{4-[4-(3-CartDOxyproplonyl)-1-piperazlnylcarbonyl]butyl}-5-ethyl-5-phenyl-2,4,6(1H,3H,5H)- 
pyrimidinetrione 

50 [0039] The amine of step 5 (4.8 g, 0.01 mole), succinic anhydride (1 .2 g, 0.01 2 mole), and triethylamine (2.2 g, 0.02 
mole) in chloroform (1 50 mL) were heated for 30 min at 50-60 (hot water) and allowed to stir at ambient temperature 
for 16 hrs. Dichloromethane (200 mL) was added, the mixture was washed with 10% hydrochloric acid solution (3 x 
100 mL). saturated sodium chloride solution (100 mL), dried over anhydrous magnesium sulfate, filtered, and the 
solvent removed on a rotary evaporator in vacuo to give a white solid, 3.3 g (66%). This material was chromatographed 

55 using a 8102 column to give a white solid. 
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Step 7: Preparation of 5-Ethyi-5-phenyl-1 -{4-[4-(3-Succinimidoxycarbonylpropionyl)-1 -piperazlnyicart)onyqbutyl)-2,4,6 
(1 H,3H,5H)pyrimidinetrione 



[0041] A mixture of the acid from step 6 (3.4 g, 0.007 moie), N,N*-dicyclohexylcarbodiimide (1 .6 g, 0.008 mole), and 
N-hydroxysucclnlmlde (1 .0 g, 0.008 mole) in chioroform (75 mL) was stirred at room temperature for 20 hrs. The mixture 
was filtered, and ethyl acetate (1 00 mL) was added. The organic solution was washed with water (2 x 1 00 mL), saturated 
sodium chloride solution (50 mL), dried over anhydrous magnesium sulfate, filtered, and the solvent removed on a 
rotary evaporator under vacuo. A portion of the solid was chromatographed to give a white solid. 

Examples - Preparation of PB 3, 5-Ethyl-5-phenyi-1-{4-[2-(3-succinimidoxycarbonyiproplonyioxy)ethylamlnocarbon 
yi]butyi)-2,4,6(1 H.3H,5H)-pyrimidinetrione 

Step 1: Preparation of 5-Ethyl-1-[4-(2-hydroxyethylaminocarbonyl)butyl]-5-phenyl-2,4,6(1H,3H,5H)pyrlmidinetrione 

[0042] This material was prepared as outlined in step 4 of preparatory example 4 except using 2-hydroxyethylamlne 
in place of the benzyl 1-piperazinecarboxyiate. 

Step 2: Preparation of 1-{4-[2-(3-Carboxypropionyioxy)ethylaminocarbonyi] butyl)-5-ethyln5-phenyl-2,4,6(1H,3H,5H)- 
pyrimidlnetrione 

[0043] A mixture of the product from step 1 (2.9 g, 0.007 mole), succinic anhydride (0.7 g, 0.007 moie), and dimeth- 
ylaminopyridine (0.9 g, 0.007 mole) in chlorofomn (1 00 mL) was heated with hot water (50-60 *C) for 30 min and then 
stirred at room temperature for 3 days. DIchloromethane (300 mL) was added, and the mixture was washed with 1 0% 
hydrochloric acid solution (2 x 1 00 mL), washed with saturated sodium chloride solution (1 00 mL), dried over anhydrous 
magnesium sulfate, filtered, and solvent removed to give an oil which was used directly In the next step. 



[0040] 





9 



EP 0 517 325 B1 



Step 3: Preparation of PB3, 5-Ethyl-5-phenyl-H4-[2-(3-succinimidoxycarbonyIproplonyloxy)ethylamlnocarb^ 
butyll-2,4,6(1H.3H.5H)-pyrimi'dmetrione 

[0044] 




[0045] This material was prepared using the procedure outlined in step 7 of preparatory example 4 starting with the 
acid of step 2 of this example. 

Example 6 - Preparation of PB 4, 5-Ethyi-5-phenyi-1-{4-[3-(3-succinimjdoxycarbonylpropionamido) 
propyiaminocarbonyi]butyi}-2,4,6(1H,3H,5H)-pyrimldlnetrlone 

Step 1: Preparation of 1-[4*(3-Benzyloxycarbonylaminopropylaminocarbonyl)butyl]-5-ethyl'5-phenyl-2,4,6(1H,3IH 
pyrimidinetrione 

[0046] This material was prepared using the procedure outlined in step 4, preparatory example 4, except substituting 
N-benzyloxycarbonyl-1 .3-propanediamine for the benzyl 1 -piperazinecarboxylate, and the crude material was used in 
the next step. 

Step 2: Preparation of 1-[4-(3-Aminopropylaminocarbonyl)butyl]-5-ethyi-5-phenyl-2,4,6(1H,3H.5H)-pyrimidinetrione 
Hydrobromide 

[0047] This material was prepared as in step 5, preparatory example 4 (except starting with the amide of step 1 of 
this example to give an oil when poured into ethyl ether. 

Step 3: Preparation of 1-(4-[3-(3-Carboxypropionamido)propylaminocarbonyl]butyl}-5-ethyl-5-phenyl-2,4,6(1H,3H, 
5l-l)-pyrimidinetr1one 

[0048] This material was prepared by the procedure of step 6, preparatory example 4, except starting with the amine 
from step 2 of this example to give the acid. 

Step 4: Preparation of PB4, 5-ethyl-5-phenyt-1-{4-[3-(3-succinimidoxycarbonylproplonamldo)propylamlnocari3onyl] 
butyl}-2.4,6. (1 H,3H,5H)-pyrimidlnetrione 

[0049] 




[0050] This material was prepared using the procedure of step 7, preparatory example 4 except starting with the 
acid of step 3 of this example. 
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Example 7 - Preparation of PB 5, 5-Ethyl-5-phenyl-1-{4-[6-(3-8ucclniinlctoxycarbonylpropionamldo)- 
hexylaminocart)onyqbutyl}-2,4,6(1H,3H,5H)-pyrimidinetrione 



[0051] 




. NH 




0 0 



[0052] This compound was prepared by the sequence of reactions of preparation example 6 except substituting N- 
benzyloxycarbonyl-1.6-hexanedlamine for the benzyloxycarbonyi*1,3-propaned]amlne In step 1, and the respective 
reaction products thereafter in steps 2, 3, and 4 of preparation example 6. 

[0053] We have prepared new labeled drug hapten analogues from the drug hapten analogues of this invention that 
are useful in competitive Immunoassays for drugs that possess the hydantoin or barbiturate nucleus, particularly pheny- 
toin and phenobarbital. The labels are those commonly used in immunoassays with labels having an amine or sulfhydryl 
group such as enzymes. 



Claims 

1 . Drug analogues comprising: 

(A) an active ester group, wherein said active ester group is succlnimidoxycarbonyl; 

(B) a nucleus selected from hydantoin or barbiturate; and 

(C) a linking chain linidng the 3-positlon of the nucleus to the active ester group; wherein the linking chain has 
about 5 to 40 atonns consisting of 



(1) at least one to Ciq alkyiene group, and optionally 

(2) one or more phenyiene groups, and/or 

(3) one or more 5 to 7 membered heterocyclic rings Joined Into the linking group through ring nitrogen 
atoms, said groups and rings being bonded to each other through chemical groups selected from 



(a) esters 



0 



n 

(-C 



where Z is O or S; 
(b) amides, 



(- 



II 

CNH-) 




(c) hetero atoms selected from -0-, -S-, and -NR-; wherein R represents to 0^ aikyi; and 

(d) carbonyi, 

with the proviso that the linking group is other than a derivative of a saturated or unsaturated aliphatic 
monocarboxylic acid having from 2 to 12 carbon atoms. 
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2. The drug analogue of claim 1 

wherein the linking chain includes a heterocyclic ring selected from 1 .4-plpera2lnylene, 2.5-dimethyl-1 ,4-pipera2l- 
nylene, 1,3-lmlda2oIldlnylene.and1,3-hexahydrodia2epinylene. / . hf a^i 



i-hexahydrodiazepinylene, 
3. The drug analogue of claim 1 conforming to the structure: 



III 



o o 

II 



L 



. « "I II II , ^ II II / \ 



0 

II 

o 



\/ 

c 



wherein 

A represents a hydantoln nucleus of the structure 



or a barbiturate nucleus of the structure 



HN 1, 



^2 represents hydrogen, alkyi of 1 to 10cart)on atoms, unsubstltuted or substituted phenyl- 

"i*L \ ' independently represents to C^o alkylene or such alkylene groups interrupted 
with at least one or more ester groups, amide groups, -0-, -S- and -NR- a r k 

R3 represents to C3 alkylene; 
P7 is an ethylene; 

Z represents -O-, -S-, and -NR-. wherein R represents hydrogen or C. to Cc aikvl- 
misO, 1,or2; i e /. 

nisO, 1,or2; 
m + n is > 0 and 

the total number of atoms comprised In m, n and Is 5 to 40; 

and further provided that (i) at least one of the Ri groups Is substituted or unsubstltuted phenyl- 
(II) one of R^, R5, and R6 can be phenylene; 

(HO the bracketed components of structure I can appear therein in any order and (iv) the linking group is other than 
a derivative of a saturated or unsaturated monocarboxylic acid having from 2 to 12 carbon a?,ms 

The drug analogue derivatives of claim 3 according to structure I wherein ' 
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each Ri independentty represents phenyl or ethyl; 
R2 is butylene; 

R3, R*, R5 and R^, each Independently, represent ethylene or hexylene; 
2 represents -O- or -NH ; and 
R^ represents ethylene. 

5. The dmg analogue according to claim 1 , selected from 

5,5-Dlphenyl-3^4-[4-(3-succlnlmidoxycarbonylproplonyl)-1-pipe^azlnylcarbony^butyl}-2^ 
one; 

5,5-Dipheny|.3-{4-[2-(3-succinlmldoxycarbonylproplonyloxy)ethylaminocarbonyl]buty 
one 

•5.5-Dlphenyl-3^4-[6-(3-succlnlmldoxycarbonylpropionamldo)hexylamlnocarbonyl]butyl}-2,4-iml^ 
one. 

5-Ethy|.6-phenyl-H4-[6-(3-succlnimldoxycarbonylpropionamido)hexylamlnocarbonyl]butyl)-2.4,^ 
5H)-pyrimldlnetrlone 

' 5-Ethyl-5-phenyH ^4-[3-(3-succinlmidoxycarbonylp^Dp^onamldo)propylaminocarbonyl]butyl)-2,4,6(1H,3H. 
5H)-pyrlmldlnetrlone 

5-Ethyl-5-phenyl-K4-[2-(3-succlnimldoxycarbonylproplonyloxy)ethylamlnocaitonyl]butyO-2^^ 
pyrimidinetrlone and 

5-Ethyl-5-phenyl-1-{4^4-(3-Succlnlmldoxycarbonylpropionyl)-1-piperazinyIcart>onyl]butyl)-^ 
pyrimldinetrione 



PatentansprUche 

1. WIrkstoff-Analoga, umfassend: 

(A) EIne aktlve Estergruppe, wobei die aktlve Estergmppe ein Succlnlmldoxycarbonyl ist; 

(B) Einen Kem, ausgewShIt aus Hydantoin oder Barblturat; 
und 



(C) eine verbindende Kette, welche die 3-Position des Kerns mit der aktiven Estergruppe verblndet; 
wobel die verbindende Kette ungefShr 5 bis 40 Atome aufwelst, bestehend aus 

(1) mindestens einer (C^ bis Cio)-AIIcylengmppe, und gegebenenfalls 

(2) einer Oder mehreren Phenylengruppen, und/oder 

(3) einem oder mehreren 5- bis 7-gliedrlgen heterozykllschen Ringen, die in die verbindende Gnjppe uber 
RIng-Stickstoff-Atome eingebunden sind, wobel die Gmppen und RInge mitelnander uber chemische Gruppen 
verbunden sind, die ausgewdhlt sind aus 

(a) Estem 



0 

ir 

(-CZ-) 



wohn Z O Oder S ist; 
(b) Amiden, 
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(c) 



0 

II 

(-CNH-) 

Hetero-Atomen. ausgewihlt aus -0-, -S- und -NR-; worin R (C, bis C6)-Alkyl bedeutfit; und 



(d) Carbonyl, 

unter der Voraussetzung, da(3 die veiblndende Gruppe kein Derivat einer gesSttigten oder ungesattigten aliphati- 
schen MonocarboxylsSure mit 2 bis 12 Kohlenstoffatomen ist. 

Wirkstoff-Analogon nach Anspruch 1. wobei die verbindende Gruppe einen heterazykiischen Ring einschlieBt. 
ausgewahit aus 1 .4-PlperBzinylen. 2.5-Dimethyl-1 ,4-pipetBzinyten, 1 ,3-lmidazoBdinylen und 1 ,3-Hexahydrodlaze- 
pinylen. 

Wirkstoff-Analogon nach Anspruch 1 , entsprechend der Stmktur: 



ill 



vRj II 



0 0 

II il 



O 

II 

0 c 

II / \ 

•C-O-N R, 

\ / 

c 



worin A einen Hydantionkern der Struictur 



Oder einen Barbituratkem der Struktur 



Ri ft, 



bedeutet; 



Ri jeweils unabhangig vonelnander Wasserstoff, AlkyI aus 1 bis 10 Kohlenstoffatomen, nicht-substituiertes 
Oder substitulertes Phenyl bedeutet; 

r2, r\ r5 und R6 jeweils unabhangig vonelnander (C^ bis Cio)-Alkylen bedeuten oder solche Alkylengmppen, 
die mIt mindestens einer oder mehreren Estergruppen. Amidgruppen. -S- und -NR- unterbrochen sind; 
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R3 bis Ca-Alkylen bedeuten; 
R7 ein Ethylen ist; 

Z -o-, -S- und -NR- bedeuten, worin R Wasserstoff oderCi bis Cg-Alkyl bedeuten; 
m 0, 1 Oder 2 ist; 
n 0, 1 Oder 2 ist; * 
m + n > 0 ist und 

die Gesamtzahl der Atome, die von m, n und R^ umfaBt wird. 5 bis 40 ist; 

und weiter vorausgesetzt, daB (1) mindestens elne der R^-Gruppen substltuiertes Oder nicht-substltuiertes 
Phenyi ist; 

(ii) einer von R*. R5 und R^ Phenylen sein kann; 

(iii) die in Klammem gesetzten Komponenten von Struktur i darin in jeder Reihenfolge auftreten i<dnnen und 
(rv) die verbindende Gruppe kein Derivat einer ges§ttigten Oder unges3ttigten Monocarboxylgruppe mit2 bis 
12 Koliienstoffatomen Ist. 

Derivate des Wirkstoff-Analogons nach Anspmch 3, gemSB der Struktur I, worin 

jedes Ri unablidngig voneinander Phenyl Oder Ethyl bedeutet; 

R2 Butylen Ist; 

R3. R4. RS und R6 jewelis unabhSngIg voneinander Ethylen oder Hexylen bedeuten; 

Z -O- Oder -NH- bedeuten; und 

R7 Ethyien bedeutet. 

Wirkstoff-Analogon nach Anspruch 1 , ausgew§htt aus 

5,5-Diphenyl-3-{4-[4-(3-succininiidoxycarbonylpropionyO-1'Piperazinylcarbonyi]butyi}-2,4-inri 

5,5-Diphenyi-3-{442-(3-succinlmidoxycarbonylpropionyloxy)ethylaminocarbonyl]butyi)-2,4-Md^ 

5,5-Diphenyl-3^4-[6-(3-succininfiidoxycarbonyIpropionanaido)hexylamlnocarbonyi)butyi}-2.4-inriidM^ 
on; 

5-Ethyl-5-phenyl-H4-[6-(3-succlnfrnidoxycarbonylpropionan)ido)hexylaminocarbonyl]bu^^ (1H, 3H, 

5H)-pyrinnidintrion; 

5-Elhyl-5-phenyl-1 -{4-[3-(3-succinimidoxycarbonylpropionamido)propyIaniinocarbonyl]butyl}-2,4,6 (1 H, 3H, 

5H)-pyrimidlntrion; 

5-Ethyl-6-phenyl-1 -{4-[2-(3-succinlmidoxycarbonylpropionyloxy)ethylamlnocait>onyi]butyl}-2,4,6 (1 H, 3H, 
5H)-pyrinnidintrion: und 

5-Ethyl-6-phenyl-1 -{4-[4-(3-succinimldoxycarbonylpropionyl)-1 -piperazinylcarbonyllbutyl)-2,4,6 (1 H, 3H, 6H) 
pyrimldintrion. 
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Revendlcatlons 

1 . Analogues de mSdIcaments comprenant; 

(A) un groupe ester actif, dans lequei (edit groupe ester actif est un groupe succinimidoxycarbonyle; 

(B) un noyau choisi panmi I'hydantoTne ou le barbiturate; et 

(C) une chaTne de liaison reliant la position 3 du noyau au groupe ester actif; 

oCi la ChaTne de liaison poss&de environ 5 6 40 atomes constituds de 

(1) au moins un groupe alkyldne en k C^q, et dventuellement 

(2) un ou piusleurs groupes ph6nyl6ne, et/ou 

(3) un ou plusieurs noyaux h6t6rocycIlques kSk7 chaTnons rell6s au groupe de liaison par les atomes d'azote 
du noyau, lesdits groupes et noyaux 6tant Il6s les uns aux autres par rintemi6dlaire de groupes chlmlques 
choisis pamii 

(a) les esters, notamment les thioesters 

O 

II 

oCi Z est O ou S; 

(b) les amides 



O 

II 

(--CNB— ); 

(c) les h6t6roatomes choisis panni -0-. -S-, et -NR-; oD R repr6sente un groupe alkyle enC^k Co; et 

(d) les groupes carbonyle, 

k condition que le groupe de liaison soit autre qu'un d6riv6 d'un acide monocarboxylique aliphatlque saturd 
ou insaturd comportant de 2 & 12 atomes de carbone. 

2. Analogue de medicament selon la revendlcation 1 

dans lequei la chaTne de liaison contlent un noyau h6t§rocycllque choisi pannI les noyaux 1 ,4-plp6razlnyl6ne, 
.2,5-dim6thyl-1 ,4-pip6razinyl6ne, 1 ,3-imidazolldinyl6ne et 1 ,3-hexahydrodia26pinyl6ne. 

3. Analogue de medicament selon la revendlcation 1 r6pondant k la structure: 




dans laquelle 

A repr^sente un noyau hydantoine de structure 
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ou un noyau barbiturate de structure 




chaque radical repr^sente ind6pendamment un atome d'hydrog^ne ou un groupe alkyle de 1 a 10 atomes 
de carbone ou ph6nyle non substitu6 ou substltu6; 

chacun des radicaux R2, R-^, RS et RS repr6sente ind6pendamment un groupe ail<ylfene en d C^q ou de tels 
groupes allcyldnd interrompus par au moins un ou plusieurs groupes ester, groupes amide, -0-, -S-, et -NR-; 
R3 repr6sente un groupe alkyl^ne en k C3; 
R7 est un 6thyl6ne ; 

2 repr^sente -O-, -S-, et -NR-, oil R repr^ente un atome d'hydrog6ne ou un groupe alkyle en d Ce; 
m vaut 0, 1 , ou 2; 
n vaut 0, 1 , ou 2; 
m + n est > 0 et 

ie nombre total d'atomes comprls dans m, n et R2 est de 5 d 40; et k condition 6galement (i) qu'au moins un 
des groupes R^ solt un groupe phdnyle substitu6 ou non substitud; (ii) qu'un des radicaux R^, RS et R^ puisse 
§tre un groupe ph6nyl6ne; (iii) que les constituants de la structure I entre crochets puisse s'y trouver dans 
n'importe quel ordre et (iv) que Ie. groupe de liaison soit autre qu'un d6riv6 d'un acide monocarboxyllque all- 
phatique saturd ou insaturd comportant de 2 ^ 12 atomes de carbone. 

Odriv^s d'analogues de medicament selon la revendication 3 r^pondant k la structure I dans laquelle 

chaque R^ repr^sente ind^pendamment un groupe phdnyle ou 6thyle; 
R2 est un groupe butyl6ne; 

R3. R*, R5 et R6, chacun ind§pendamment des autres, repr6sentent des groupes ethylene ou hexyl6ne; 

Z repr^sente -O- ou -NH; et 

R7 repr6sente un groupe 6thyl6ne. 

Analogue de medicament selon la revendication 1, choisi panni 

la 5,5-diph6nyl-3K4-[4-(3-succinimidoxycarbonylpropionyO-1i3ip6razlnylcarbonyObutyl)-2,4^ 
nedione; 

la 5,5-diph6nyl-3-(4^2-(3-succlnimidoxycarbonylproplonyloxy)6thylaminocarbonyl]buty^^ 
nedione 

la 5,5-diph6nyl-3-(4-[6-(3-succlnimldoxycarbonylproplonamldo)hexylamlnocarbonyl]butyl)-2,4-lmlda2oIldi- 
nedione. 

la 6-6thyl-5-ph6nyl-1-(4-[6-(3-succinimidoxycarbonylpropionamido)hexylaminocarbonyObutyl)-2,4,^ 
5H)pyrlmldlnetrlone 

la 6-6thyl-5-ph6nyl-1-{4-[3-(3-succinimidoxycarbonylpropionamido)-propylaminocarbonyl)butyl) 
3H,5H)pyrimidinetr!one 

la 5-ethyl-5-ph6nyl-1 -(4-[2-(3-succinlmidoxycarbonylproplonyloxy)6thyl-amlnocarbonyl]butyl)-2,4,6-(1 H,3H, 
5H)pyrimldinetrione et 

la 6-6thyl-5-ph§nyl-1 -(4-[4-(3-succinimidoxycarbonylpropionyO-1 -pip6razinylcarbonyObutyl)-2,4,6-(1 H,3H, 
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5H)pyrlmldinetrione. 
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